Asymmetric localization of intracellular proteins and signals directs movement during axon guidance, endothelial cell invasion, and immune cell migration. In these processes, cell movement is guided by external chemical cues in a process known as chemotaxis. In particular, leukocyte migration in the innate immune system has been studied in the human neutrophil-like cell line (HL-60). Here, we describe the maintenance and transfection of HL-60 cells and explain how to analyze their behavior with two standard chemotactic assays. Finally, we demonstrate how to fix and stain the actin cytoskeleton of polarized cells for fluorescent microscopy imaging.
3. Differentiate cells in culture media plus 1.3% DMSO (130 µl DMSO in 10 ml media + cells). Because DMSO is more viscous and denser that culture media, premix media with DMSO before adding cells. Cells stop proliferating upon differentiation and typically achieve a density of 1-2 million cells/ml at 7 days post-differentiation (Fig. 1) . Cells are most active 5-6 days post-differentiation, but can still respond even after 8 days (see Note 9). 4 . To freeze cells, pellet cells by spinning at 100xg for 10 min. Aspirate media and resuspend in chilled culture media plus 10% DMSO at 10 million cells/ml. Aliquot 1.8 ml each into cryovials (5001-0020, Nalgene), place in cryofreezing container with isopropanol (5100-0001, Nalgene) at -80°C for 2 days, and then transfer to liquid nitrogen storage (see Note 10).
Thaw cells by quickly warming a cryovial at 37°C just until last bit of ice has melted.
Dilute thawed cells in 10 ml of prewarmed culture media and spin at 100xg for 10 min.
Remove supernatant, resuspend pellet in 20 ml culture media, and recover in a 75 cm 2 culture flask (430641, Corning).
Transient transfection of DNA into HL-60 cells
1. Prepare ~2 ml of recovery media per transfection in a 6 well plate (3335, Corning) and let equilibrate at 5% CO 2 and 37°C for 15 minutes or more. Add 500 µl of equilibrated recovery media to an eppendorf tube (50-400-411, Fisher Scientific) per transfection (see
Note 11).
2. Spin 5 million cells in a 10 ml falcon tube (05-539-1, Fisher Scientific) at 100xg for 10 min. Use a separate falcon tube for each transfection. 7. Transfer 500 µl recovery media and cells with L-1000 pipette to 1.5 ml recovery media in a 6 well plate. Expression in viable cells occurs in ~2 hours with best behavior <8 hours after transfection (Fig. 2) .
Preparing for live cell microscopy
1. Dissolve 1 ml of sterile water in 1 mg fibronectin and let sit at room temperature for 1 hour. Avoid shaking or physically mixing because this may denature the fibronectin. (Fig. 3B) . 3. Place assembled device on top of preheated EZ-TAXIS microscope (Fig. 5, A and B) .
4. Using syringe guide, add 1 µl of cells to lower chamber using microsyringe (MS-E10MIC, Exmire). Use a plastic pipette to draw cells into imaging surface.
5. HL-60 cells may be spuriously stimulated with albumin containing endotoxins.
Additionally, it is important to add the albumin fresh because it oxidizes in aqueous solution to products that may also activate HL-60 cells.
6. Sucrose is important to maintain osmolarity.
7. Unlike Alexa Fluor 594, rhodamine phalloidin increases its fluorescence upon binding to actin filaments. This makes it preferable to Alexa Fluor 594. However, for imaging in the green channel, we would use Alexa Fluor 488 or similar fluorophore over the rapidly bleaching FITC.
8. Keep a basin of water on the bottom shelf of the incubator to maintain humidity.
9. Cells may also be differentiated with retinoic acid (14).
10. As an alternative to nalgene freezing chambers, two styrofoam 15 ml falcon tube holders may be sandwiched around tubes to provide insulation during slow freezing process.
11. Our protocol differs significantly from the standard Kit V protocol from amaxa, because we have optimized for cells to retain chemotactic function (not necessarily highest transfection efficiency).
It is important to remove every drop of media from falcon tube because FBS will
interfere with transfection. Large tip pipettes minimize shearing of cells and increases the number of healthy cells post-transfection.
13. Cells will adhere to each other and form a thin, white film during the 30 min incubation in eppendorf tube. This step increases recovery efficiency. Additionally, cells are fragile after transfection and they behavior poorly if centrifuged.
14. An 8 well chamber will yield four molds. Only bottom surface (side touching permanox chamber slide) of epoxy mold is sticky. Additionally, Lab-Tek 8 well cover glass #1.5 chamber slide (155409, Nunc) may be used for epifluorescence and brightfield microscopy. However, the epoxy that hold the chamber walls to the coverslip is autofluorescent and thus less suitable for TIRF.
15. Cells may be plated in culture media containing chemoattractant for a higher proportion of adherent cells.
16. Load needles without gloves. It is difficult to handle capillaries with gloves on. Also, even if no bubbles are visible by eye, flick the needle vigorously to remove microscopic bubbles. Do not try to force air bubbles through the tip by increasing air pressure.
Invariably, the bubbles will become stuck and the needle rendered useless.
17. For quantification of gradient, TIRF imaging is superior to epifluorescence microscopy because TIRF reveals the agonist concentrations in the same plane as the cell. The signal obtained from epifluorescence is a combination of the agonist the cell experiences plus out of focus blur from fluorescent dye above the cell. Confocal imaging can also be used to quantitate the gradient.
18. Chips come in four different sizes (4 µm, 5 µm, 6 µm, and 8 µm) depending on the gap space between the chip and glass. We have used the 4-6 µm chips with success. 
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